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A B S T R A C T
This study aimed to investigate the individual effects of chronic stress and occlusal interference, as well as their com-
bined influence on masseter muscle pain. Experiments were performed on 28 male Wistar rats. Animals were submitted
to chronic stress procedure, exposed to occlusal interference, or exposed to both mantioned procedures. At the end of the
procedure animals were submitted to orofacial formalin test, and nociceptive behavioral response was evaluated. Statis-
ticaly significant diference of nociceptive behavioral response in chronicaly stressed rats and in the animals with occlu-
sal interference in comparation to the control group were not obtained (p>0.05). In contrast, nociceptive behavioral re-
sponse was significantly increased in rats submitted to both of experimental procedures (p<0.01). These findings suggest
that only combination of occlusal interference and chronic stress influence masseter muscle pain.
Key words: chronic stress, masseter muscle, occlusal interference, pain, rat
Introduction
Temporomandibular disorder (TMD) is a collective
term that involves various clinical conditions of musculo-
skeletal and joint tissue. Disorder is characterized by pain
in the prearicular area, temporomandibular joints (TMJ)
and/or masticatory muscles, as well as by TMJ sounds dur-
ing function, and limitation in mandibular movement1.
The etiology of TMD is poorly understood, but it is
recognized to be multifactorial. Role of psychosocial stress-
ors, parafunctions, occlusal interference and other risk
factors has been examined in numerous studies. Results
of previous studies are contradictory. Some studies did
not confirm the relationship between occlusal interfer-
ence and TMD, or the connection was weak2,3. Other
studies indicate that occlusal interference triggers masti-
catory muscle hyperactivity and bruxism, which can over-
load masticatory muscles causing tenderness, pain and
TMJ sounds4–6. Some authors have found correlation be-
tween stress and pain and implicate that stress is the
main factor responsible for TMD7–10.
Pain in the masticatory muscles has long been recog-
nized as a prominent symptom in TMD. According to lit-
erature, approximately 23% of TMD patients develop
muscle disorders11. Since the results of studies investi-
gating orofacial pain are contradictory, and because TMD
patients report pain in the masticatory muscles as their
major complaint, it is important to investigate the effect
of physical and psychological factors on the muscle pain.
The purpose of this study was to investigate the ef-
fects of chronic stress, occlusal interference and their
mutual effect on nociceptive behavioral response evoked
by injection of formalin into the masseter muscle.
Materials and Methods
Animals
Experiments were performed on 28 male Wistar rats
(weight 250–300 g at the beginning of experiment). Ani-
mals were maintained on a 12 h light–dark cycle and al-
lowed free access to food and water. All experiments were
performed between 10 a.m. and 2 p.m. in a silent room,
at a temperature of 22°C–24°C. Adequate measures were
taken to minimize pain or discomfort. All experimental
procedures involving animals were performed in accor-
dance with the regulations set by the Croatian related
laws and rules (NN 19/99; NN 176/04) and with the
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guidelines set by the European Community Council Di-
rective of 24 November 1986 (86/609/EEC). All experi-
mental procedures were also approved by the Faculty
ethical committee.
Animals were randomly divided into four experimen-
tal groups. The experimental groups were as follows:
chronic stressed group; group with occlusal interference;
group with both occlusal interference and chronic stress;
and the control group free of occlusal interference and
not submitted to restraint. Experimental procedures in
all mentioned groups lasted for 56 days. The 48th experi-
mental day all animals were anesthetized with chloral
hydrate (360 mg/kg), and the 56th day they were submit-
ted to the formalin test.
Chronic stress procedure
The animals were stressed by restrain 1 h/day, 5 days/
week for 8 weeks12,13. Restraint was carried out by plac-
ing the animal in a 7  30 cm plastic tube. Tube was de-
sign with inner mobile wall, so it could be adjustable in
size, depending on each animal, and could unable them
to move. At the far end of the tube there was 1 cm hole
for breathing.
Occlusal interference procedure
Occlusal interference procedure was performed in
previously anesthetized animals on the 48th experimen-
tal day. Composite resin (Gradia direct, GC Dental prod-
ucts corp., Aichi, Japan) was build-up (height of 1.0 mm)
on right upper molar teeth. Before placing the composite
resin, teeth were etched with 37% phosphoric acid and
washed with water and air-dried. To prevent reduction of
material during function, right lower molar teeth were
coated with fluid resin14. Occlusal interference was left in
place for 8 days.
Combination of occlusal interference and chronic
stress procedure
To evaluate the combination of both occlusal interfer-
ence and chronic stress, animals were exposed to the
chronic stress procedure, as described above, and occlu-
sal interference was fitted on their right upper molar
teeth in the 48th day from the beginning of the chronic
stress procedure.
Testing procedure for the masseter muscle pain
The 56th experimental day each animal was submitted
to the formalin test. Animals were first placed in the test
chamber (plastic, transparent box, without access to food
or water) for a 30 min habituation period15. A volume of
0.05 ml, 5% formalin in saline was injected into the mid-
region of the right masseter muscle via 27 gauge needle16.
After the formalin injection, rats were returned to the
test chamber. The behavioral responses, characterized by
rubbing orofacial region (amount of time) and flinching
the head (number of head flinches), were quantified for
45 min period. Each flinch was expressed as 1s. Behavio-
ral responses were evaluated together by their sum. Cu-
mulative response time was analyzed17. The orofacial for-
malin test was done by investigator blinded to the rat
group assignment.
Statistical analysis
The sum of rubbing and flinching behavior responses
exhibited by each animal was computed. The comparison
between groups was made by one-way ANOVA. LSD
post-hoc test was used to determine the pairs of groups
that were different. A probability level of less then 0.05
was considered to indicate statistical significance.
Results
Results of behavioral response alterations induced by
occlusal interference, chronic stress and by their mutual
effect are shown in Figure 1. ANOVA revealed significant
interaction between groups [F(3, 24)=4.5599, p=0.0115].
Post-hoc test (LSD) indicated that exposure to chronic
stress did not affect the nociceptive behavioral response
evoked by formalin injected in the masseter muscle of rats,
and occlusal interference also had no effect (p>0.05).
The increase of nociceptive behavioral response was
highly statistically significant (p=0.0011, LSD) between
control group and group with combination of both occlu-
sal interference and chronic stress.
Discussion
The orofacial formalin test is a reliable model of noci-
ception, used in studies examining deep pain conditions
such as masticatory muscle and TMJ pain, indicating
that nociceptive behavioral response characterized by
head flinches and rubbing may be used as an objective in-
dex of pain13,17,18.








































Fig.1. Sum of nociceptive behavioral responses recorded in the
animals of the control group and rats submitted to occlusal inter-
ference, chronic stress procedure, and to the combination of oc-
clusal interference and chronic stress. Each column represents
X±S.E. (n=7). * P<0.05; significantly different from the control
group (ANOVA and LSD).
Stress is considered as a possible etiological factor in
many painful states including chronic orofacial pain. Lit-
erature suggests that chronic stress causes muscle hy-
peractivity and changes in opioid system leading to mus-
cle tenderness and to microtraumatic damage to the
TMJ, consequently inducing pain in the mentioned tis-
sues13,19. According to these findings, we expected that
chronic stress would increase nociceptive behavioral re-
sponse. Discrepancy in results and disability of chronic
stress to induce significant changes in pain response may
be due to different formalin concentration used in this
study. Study that confirmed hyperalgesic effect of chro-
nic stress on TMJ pain used 2.5% formalin injected in
temporomandibular joint13. We examined the effect of
chronic stress on muscle pain induced by higher formalin
concentrations (5%), according to studies that evaluated
pain response after joint inflammation by injection of 5%
formalin in the masseter muscle16,18. It has been sug-
gested that excessive formalin concentrations may in-
crease risk of peripheral fiber desensitization20. Possibly,
lower formalin concentrations should be used to improve
sensitivity to changes induced by chronic stress. Differ-
ence in results may also be due to discrepancy between
the examined tissues. Although orofacial muscle pain and
inflammation represent major health problems, there
are only few studies of orofacial nociceptive behavioral
activity evoked by nociceptive stimulation of the muscle
tissue. Previous studies examined the effect of chronic
stress procedure on nociceptive response induced by in-
jection of formalin in TMJ. Muscle tissue reacts differ-
ently then joint tissue on painful stimulus. Joint inflam-
mation activates stronger nociceptive response than
muscle inflammation and noxious stimulus injected in
the joint causes grater muscle activity than when in-
jected directly in muscle21–24.
Although occlusal interference has been considered a
risk factor for TMD leading to masticatory muscle pain5,
results of our study show no statistically significant dif-
ference in nociceptive behavioral response in comparison
with control group. There are few possible explanations
for our findings. Our results are in agreement with stud-
ies that suggest that occlusal interference is not harmful
in healthy individuals3 showing that the period of tooth
contact decreases after this type of interference2. Reduc-
tion of tooth contact period may be explained by avoid-
ance of occlusal discomfort caused by interference. To ex-
clude the possibility that the splint height reduction
during mastication caused no alteration in pain response,
lower molar teeth were coated with fluid composite resin.
It has also been suggested that the masseter muscle can
adapt to occlusal alterations by regeneration of myofi-
bers. Masseter can develop normal histology, even seven
days after increasing vertical dimension of occlusion25.
In contrast to the lack of significant changes of pain
response in chronically stressed animals and in the rats
with occlusal interference, nociceptive behavioral re-
sponse was significantly increased in group submitted to
both of experimental procedures. Present findings indi-
cate a major effect of occlusal interference and chronic
stress on masseter muscle pain, but only when these two
etiological factors act together, and almost no effect when
applied individually. When subjects with occlusal inter-
ference are exposed to chronic stress, causing muscle hy-
peractivity, protective mechanism of avoiding tooth con-
tact might be impaired and could cause a feeling of
occlusal interference as a disturbing factor, subsequently
increasing the pain in masticatory muscles. On the other
hand, regenerative mechanisms may be insufficient and
would not allow tissues to develop normal histology and
function.
This study may give one of possible explanation why
some patients with occlusal interference do not report
signs and symptoms of TMD while other with just slight
occlusal changes report great pain and other symptoms
associated with TMD, but the underlying mechanism of
pain is very complex and requires further studies. This
animal model may serve as a useful tool for investigating
the effect of both occlusal interference and chronic stress
on pain response and pathohystological changes in mas-
ticatory muscles.
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U^INAK KRONI^NOG STRESA I OKLUZALNE INTERFERENCE NA BOL MASETER MI[I]A
U [TAKORA
S A @ E T A K
Cilj istra`ivanja bio je istra`iti u~inak kroni~nog stresa, okluzalne interference te njihov zajedni~ki u~inak na bol
maseter mi{i}a. Istra`ivanje je provedeno na 28 mu{kih Wistar {takora. @ivotinje su podvrgnute kroni~nom stresu,
okluzalnoj interferenci ili su izlo`ene objema spomenutim procedurama. Po zavr{etku spomenutih procedura `ivotinje
su podvrgnute formalinskom testu, te je o~itana bolnost masetera po opisanom modelu pona{anja. Razlika u pona{anju
izme|u kontrolne skupine i skupine s okluzalnom interferencom, te skupine izlo`ene kroni~nom stresu nije pokazala
statisti~ku zna~ajnost (p>0,05). Naprotiv, bolni odgovor `ivotinja podvrgnutih objema spomenutim procedurama bio je
zna~ajno povi{en (p<0,01). Podatci dobiveni istra`ivanjem sugeriraju da jedino kombinacija okluzalne interference i
kroni~nog stresa utje}e na poja~anje boli maseter mi{i}a.
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